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TBEPAOIO PACTBOPA ZnxSni-xSe, MONYYEHHbBIX METOA40M XMIO
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AHHOTauMa. MeTOoLOM XMMWUYECKOTro MOMEKYNSPHO-MYYKOBOro ocaxkaeHusa (XMIMO)
ObINM MonyyeHbl ZnxSni-xSe NAeHKM TBEPAOro pacTsopa. B KauyecTBe MCTOYHWKOB Oblinu
1CMONb30BaHbl COeMHEHNA ZnNSe 1 SnSe CTEeXMoOMeTPUYECKOro cocTasa npu TemnepaTypax
noano>kkn 560°C. WccnepoBaHbl MOponorna 1 3neKTpogn3Myeckne CBOICTBA MNEHOK
TBEpAoro pacTeopa ZnXSnlXSe. AHann3 oTorpaduii CKaHWpPYOLLEro 31eKTPOHHOrO
MUKPOCKONa nokasas, 4Y4TO pasmMepbl 3epeH MNNeHoK cocTasnalT 8+20 MKM. [MpusefeHbl
CTPYKTYpPHbIE NapameTpbl MOMYYeHHbIX NIEHOK. 3NEKTPONPOBOAHOCTb MIEHOK COCTasnana
15+110-6(OMecm) -1 B 3aBMCMMOCTM OT COCTasa TBEpAOropacTBopa.

Kntouesble cnosa: (ZnSe)x(SnSe)i-x, XMIMO, peHTreHorpamma, mMopgonorus, pasMmep
3epeH, 3NeKTPONPOBOAHOCTb.

STUDY OF THE MORPHOLOGICAL AND ELECTRICAL PROPERTIES OF
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Abstract. The ZmSrn-XSe solid solutionfilms werefabricated by the chemical molecular
beam deposition (CMBD) method. The sources used were ZnSe and SnSe compounds of
stoichiometric composition at the substrate temperature of 560°C. The morphological and
electrophysical properties of the ZmSnxXSe solid solution films are investigated. Scanning
electron microscope images showed that the grain sizes of the films are 8+20 microns. The
structural parameters of the obtainedfilms are given. The electrical conductivity of thefilms
was 15 + 1 «10-6 (Ohm cm) -1Ldepending on the composition ofthe solid solution.

Key words: (ZnSe)X(SnSe)XX CMBD, sciagraph, morphology, grain size,
electroconductivity.

B nocnegHee Bpemsa nuaupylowuMMuM Matepuanamum B MUPOBOM (POTOBO/IbTAUYECKOM
PbIHKE ABNAOTCA KPEMHUI C ahPeKTUBHOCTLIO 26% [1], Cu(In,Ga,)Se2- 22,6% [2] n CdTe -
22.1% [3]. HecmOTpsA Ha LWIMPOKOE MPUMEHeHMWe BbILEeYNOMAHYTbIX MaTepuanos, MMerTCA
CYWECTBEHHbIE  OrpaHW4YeHWs WX  WCMONb30BaHMA B MWUPOBOM  MPOM3BOACTBE
(hoToBONbTAMYECKUX MOAYNeid. Hanpumep, OCHOBHbIM HEAOCTAaTKOM COJIHEYHbIX 3/1eMEHTOB
Ha OCHOBE KPUCTa/l/IMYECKOro KPeMHUA ABMAETCA UX BbICOKAsA CTOMMOCTb, TaK Kak 50 % oT
o6Llei CTOMMOCTU [AHHbIX 31eMEeHTOB COCTaBNfET CTOMMOCTb Si-MOAMOXKKU.  [pu
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W3TOTOBJIGHUH COJIHEUHBIX 3JIEMEHTOB JaHHOTO BHUJA MCHONb3YETCS BbICOKOKAYECTBEHHOE
CbIpbE, MPOU3BOJCTBO KOTOPOTO B HACTOsALIEE BPEMS SABJISIETCSA OUEHb HHEPro3arpaTHbiM [4-8].
Benuku obuine nmorepu KpeMHUsI B pe3ysibTaTe ero o0paboTku U pe3ku. B cBsi3u ¢ Tem, 4To
MOHOKPUCTAJIITNYECKUI 51 MOJMKPUCTAIIIMYECKUI KpEeMHUI HENPSMO30HHBIE
NOJYNPOBOAHUKH W HMX KO3(PQPHUUUEHT TOINIOMEHns HEBBICOK, sl 3(PPEeKTUBHOTO
MOTJIOIIEHHsI COJIHEYHOI'O CBETA TOJIIMHA U3rOTaBIMBAEMbIX M3 HUX COJIHEUHBIX 3JIEMEHTOB
JOJDKHA COCTABIISITH COTHH MUKPOH. DTO MPHUBOAMT K 3HAYUTENBHBIM PACXOAaM KPEMHHS U
BBICOKOII CTOMMOCTHU COJIHEYHBIX D3JIEMEHTOB. B TO ke BpeMs sl TOHKOIUIEHOUYHBIX
comHeuHbIx snemeHToB Ha ocHoBe Cu(In,Ga,)Sez u CdTe wux nanpHeimee
IMPOKOMACIITAOHOE MTPUMEHEHUE OCIIOKHSETCsT U3-3a orpanmdeHHocTH In, Ga, Te B 3emMHOI
KOpe, a Takke TOKCHYHOCThIO Kammusi (Cd), KOTOpbIi BXOOUT B COCTaB CTPYKTYpPHI
COJIHEYHOTO 3JieMeHTa [9)].

IlpennaraeMblii HamMu XalbKOTE€HUIHBII Marepuan ZnxSnixSe JMIIEH 3TUX
HEJIOCTaTKOB. DTOT MaTepHall UMeeT HiealbHble CBONCTBA JUUIsl CO3/aHUsl HOBBIX, JIELIEBbIX U
BbICOKO3(P(PEKTUBHBIX TOHKOIJICHOYHBIX COJTHEYHBIX 3JIEMEHTOB: 1) BbICOKMIT KO3 (HUIIUEHT
nornomenus ~10° ¢!, 2) onTUMabHYIO MMPHHY 3ampereHHoi 3086l ~1,2 + 2,7 3B, 3) p-
TUI TPOBOIUMOCTH, K TOMy k€ Zn, Sn, u Se SBISIIOTCS [EMIeBbIMH U IIHPOKO
pacrnpocTpaHeHHbIMU MaTepHUajJaMU B 36MHOH Kope.

B nannoit pabore Obuth M3yueHBI MOP(ONOTHS M 3JIEKTPUYECKHE CBOWCTBA IUICHOK
TBEPAOrO pacTBopa ZnxSnixSe pa3IMyHOrO COCTaBa, MOJIYUYEHHBIX @pPU TemIepaType
noanoxku 560°C MeToIoM XMMUUECKOTO MOJIEKYIAPHO-IyuKoBOro ocaxkaeHus (XMIIO).

ITonyueHne NONUKPUCTANIIMYECKOH TUIEHKHU TBEPAOro pacTBopa ZnxSni-xSe NpoBOIUIH
no meronuke, onmucanHod B pabore [10]. CuHTe3 TUIGHOK TBEpHOro pacteopa ZnxSniSe
metogoMm XMIIO ocyimecTBisun cieayromuM o0pasoM. B kakaplii OTAENbHBI KOHTEHHEp
3arpy’kajiuch MOPOIIKK coeauHeHus SnSe u ZnSe cTexuoMeTpuyeckoro cocrasa. [lanee,
CHCTEMY NMPUBOAWIM B padodee COCTOSIHME W MPOIYBaJIH BOAOPOAOM C LIEJTBIO YAJICHUS U3
Hee aTMOC(EpHBIX 3arpsB3HSIOIMUX Ta30B. 3areM Obula BKJIIOYEHA Hapy)kKHas IIe4Yb
pEaKkIMOHHON KaMepbl. YpPOBEHb HarpeBa OIpenessercsl 3aJaBaeMbIMH TeMIepaTypamu
ocaxkneHws. Ilo mocTmwkeHnro TpeOyeMOoro ypoBHsS HarpeBa IOIJIOKKH, BKIFOYAKOT Medb
UHIUBUyaJbHOTO HarpeBa coeamHeHust SnSe, ZnSe u poBomsaT ee 10 Tpedyemoit
TEMITepaTypbl UcrapeHus. TeMnepaTypHbIil HHTEPBa UCTIAPEHUH ISl BHIPAIIUBAHUS IJIEHOK
Haxonutcs B npexenax 850°C+950°C, a TemMmeparypa MOAIOKKH BAPLUPOBANACH B HHTEPBATIE
500°C+600°C. TMotok rasa HOCHTeNs BOXOPOAA COCTABNST ~ 20 cM’/MuH. JIIUTENbHOCTD
npomecca OCAKIACHUS 3aBUCUT OT TpeOyeMOH TONIIMHBI TUIEHOK U HAXOAUTCSI B MHTEPBAJIE OT
30 no 60 muH. B kauecTBe MOAIOKEK UCTIOIBb30BATICH OOPOCHITUKATHBIC CTEKJIA.

Kpucramnmudeckass cTpykrypa u ($a3oBblii COCTAaB MAaTEPHAJIOB HCCIEIOBAIN METOJOM
audpakuu PEeHTITeHOBCKUX Jyuell ¢ wucrnongp3oBaHneM audpakromerpa «Panalytical
Empyrean» Ha CuK, usnyuennu (A = 1. 5418 °A) ¢ m3mepenuem 20 B nuamnaszone ot 20° o
80° 1 marom 0. 01°. Ananus $a3oBoro cocrasa MPOM3BOMMICS C HCTIOL30BaHUEM Oa3bl Joint
Committee on Powder Diffraction Standard (JCPDS). Mopdonorndeckue uccienoBaHus
MPOBOMJIM C MOMOIIBIO CKAaHUPYIOIIETO 3JIEKTPOHHOro Mukpockona SEM - EVO MA 10.

MeTooM BakyyMHOI'O HAIbUIEHHS] HAa CBEXEOCAKJIEHHble TIUIEHKH HAHOCHUIIU
cepeOpsiHbIE OMHUYECKHE KOHTAKTBI JJISI MPOBENEHUs HJIEKTPUUYECKUX HM3MEepeHUi. YenpHoe
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conpoTuefieHWe 06pas3LoB onpegensnocb Metogom BaH-gep-lMay, Tun npoBogMMOCTU
o6pasuoB onpegensanca no 3Haky Tepmo-34C. TonwuHy nneHok (Ao 0.5%-3 MKm)
onpegensnn Ha MukpoumHtepdepometpe MWMU-4, a Takxke MeTOLOM MPEUMU3NOHHOIO
MUKpOB3BeLlBaHMa Ha Becax FA 120 4C (c TouHocTbio 0,1 mr).

Kak BugHo 13 1absn. 1, pe3ynbTaTbl 3HEPro-4nUCNepcMOHHOr0 aHann3a nokasanm, 4to
OCaXK[eHHble MNEHKW TBepAOro pacteopa Z~Sn”~Se npu Temnepartypax nofnoxku 560°C,
MMerT pa3nnyHblii cocTaB: X=0.046; 0.06; 0.076; 0.121; n 0.491.

Tabnuua 1. Pe3ynbTaThbl 3HEPro-ANCNEPCUOHHOrO aHanm3a 415 nieHoK TBep4oro pacTaeopa
ZnxSnSeix 0CaXK/eHHbIX U3 CoeIMHEHNS ZnSe U SnSe

COOTHOLLIEHNE
T.(°C) ZnSe/SnSe B CocTaB nneHok Zn% Sn% Se%

napoBoli (hase
560 X=0 X =0 58.2 41.8
560 X=0.16 X =0.06 1.38 51.64 46.98
560 X=0.23 X=0.076 0.85 54.7 54.57
560 X=0.37 X=0.121 2.7 59.4 37.9
560 X=0.5 X=0.491 1.9 59.6 385

Ha pucyHke 1 nokasaHa Mop@osiorusa njeHOK TBepforo pacrtsopa Z”Sni"Se pns
Pa3/IMYHOr0 COCTaBa, OCAXKAEHHbIX W3 COeAMHEHUI ZnSe M SnSe CTEXMOMETPUYECKOrO
COCTaBa Ha CTEK/AHHbIE NOAN0XKM Npu TemnepaTtype nognoxku 560°C

MuKpoKpucTanibl 18 BCeX MNNEHOK TBepAoro cocraBa ZnxSni-xSe paBHOMEPHO
pacnpefieneHbl Mo MOBEPXHOCTU MNOANOXKW. Kak BUAHO M3 pPUCYHKA 1, MUKPOCTPYKTypa
(hopma n pasmep 3epeH) 06pa3LOB 3aBUCUT OT COCTaBa WMHTEHCUBHOCTER MOJMEKYNAPHbIX
nyykoB (MMTM) coeguHeHnin ZnSe n SnSe B NapoBoii (hase.

X=0.076 X=0.121 X=0.491

Puc. 1. Mopdonorus nneHok TBepLOro pacTaopa ZnxSni-xSe pa3IMYHOro cocTasa

20



®Pu3uka nonynpoeooHUKOs 1(01)2019

U MUKPO3A1EeKMPOHUKA

du3suKa nonynpoeooHUKOS

IIpu usmenenuu cootHommenust coctaa MMII ZnSe/SnSe B maposoii daze popma u
pasMep 3€peH OCWKIAEHHBIX IUICHOK TBEPAOrOo cocTaBa ZnxSnixSe wu3menstorcs. Kax
NPECTaBJICHO HA pUCYHKe | (popMBI 3epeH 00pas3LioB, UMEIOIINX COCTaBbl B Anana3zone 0<X<
0.121,
VIUIOUIEHHBIM BUI M pa3Mepbl 3€pPeH IUIEHOK COCTAaBsT 2+10 MM

OCaX/IEHHbIX Ha CTEKJIAHHble TMOUIOKKH TIpu Temmeparype 560°C, wumenu
JanbHetimee
yBEJIMUYEHHE MOJIIPHOTO cozepkaHust ZnSe B TBepaoM cocrase ZnxSnixSe (0,3<X< 0.491),
MOJYYEHHBIX Ha CTEKJITHHBIX MOJJIOXKKAX MPUBOAUIO K YMEHBIICHUIO pasMepa 3epeH. JTOT
(akT MokeT ObITh OOYCIIOBIIEH TEM, YTO SHEPTHsi 00pa3oBaHMs peueTkn ZnSe Oonblie, yem
SnSe.

OnexTpudeckue mapaMeTpel IJIEHOK ZnxSnixSe (o, E. m Tunm mpoBogumocTh)
npuseneHsl B Tabnuue 2. Kak BugHO u3 Tabnmiel 2, HaOMOAAIOCh BO3pACTaHUE YAEIHHOTO
COINPOTUBJEHHUS TUIEHOK ZnxSnixSe ¢ pOCTOM MOJISIPHOIO COJEP’KaHUS LIMPOKO30HHOH
KOMIOHEHTBI 0T 6°1072 Omem mpu X=0 u 10 6°10° Om'cm 1ipu X=0.491 cooTseTcTBeHHO. B
TO XK€ BpeMsi Obuta OOHapy»KeHa WHBEPCHsI THUIA MPOBOAUMOCTH NPU M3MEHEHHH COCTaBa, a
UMEHHO, B 1uamna3zoHe coctaBoB 0<x< 0.3 oOpasipl UMeNu p- THI MPOBOJUMOCTH, a NPHU
0.3<X< 0491 n- Tun. BospactaHue yaenbHOrO CONPOTHBIEHHUS IUIEHOK ZniSnixSe ¢
YBEJIMYECHHEM MOJSIPHOTO  COAEPKaHUs  IIUPOKO30HHOMU

KOMIIOHEHTBI ~ O0YCJIOBJIEHO

yMeHbIIeHHEeM KOHIIEHTPaLUuH CBOOONHLIX Hocutened. Haumenbmee p=6-102 (Omcm)
TUIeHOK ZnxSni.xSe Habmonanock npu X=0.

Tabnuya 2. Inexmpuueckue napamempust WIEHOK ZnxSni-xSe paziuiHo20 cocmasa

Zn,Sny.,Se X=0 | X=0.046 | X=0.06 | X=0.076 | X=0.121 | X=0.491
Tun nposoaumocTu P P P n n n
DneKTPONnpoOBOAHOCTD 15 0.16 11101 | 2:10% | 4103 1-10¢
(Omem)!, mpm 300K
YnensHoe CONMpoTUBIEHHE | 61072 6.2 10 50 250 1-10°
(Omcm), mpu 300K
TeMnepatypa NOANOKKH 560 560 560 560 560 560
Tw. (°C)

B pesynbrare npoBeAEHHBIX UCCIENOBAHUM:
-IIOJIy4EHBbl IIJIEHKH TBEPAOrO pacTBopa ZnxSnixSe XUMHYECKUM MOJIEKYJSIPHO

TyYKOBBIM OCAKIEHHEM IIpU TemrepaTtype nomioxku 560° C, KoTopble MMeeT pasIHuHbI

coctaB x=0.046; 0.06; 0.076; 0.121; u 0.491, uTo MOKa3aHO HHEPrOAUCHEPCHBIM AHATU3OM;
-IUIEHKU TBEPAOrO PacTBOPA UMEKOT MOJUKPUCTAUINYECKYIO CTPYKTYPY € pasMepamu

3épeH 2-10 MM,

-3JIEKTPONPOBOJHOCTb IUIEHOK TBEPAOrO PacTBOPAa YMEHBIIAETCS C YBEIMYEHHEM
MOJIIPHOTO cofiepkaHus ZnSe U nperepreBaeT MHBEPCUIO TUIAa TPOBOANMOCTH.

Pabora BbmmonHeHa B pamkax npoekta DA - D3-003 B PU3NKO-TEXHHMIECKOM

uHcturyte AH PV3.
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Recently, the leading materials in the global photovoltaic market are silicon with an
efficiency of 26% [1], Cu (In, Ga,) Se2 - 22.6% [2] and CdTe —22.1% [3]. Despite the widespread
use of the above materials, there are significant restrictions on their use in the global production
of photovoltaic modules. For example, the main disadvantage of crystalline silicon-based solar
cells is their high cost, since 50% of the total cost of these cells is the cost of the Si substrate. In
the manufacture of solar cells of this type, high-quality raw materials are used. Currently this
production is very energy-intensive [4-8]. As a result of its processing and cutting total losses of
silicon are large. Due to the fact monocrystalline and polycrystalline silicon are indirect gap
semiconductors and their absorption coefficient is low, for the effective absorption of sunlight, the
thickness of the solar cells made from them should be hundreds of microns. This leads to
significant costs for silicon and the high cost of solar cells. At the same time, for thin-film solar
cells based on Cu(In,Ga,)Sez and CdTe, their further large-scale application is complicated by the
limited In, Ga, Te in the earth's crust, as well as the toxicity of cadmium (Cd), which is part of
solar cell structure [9].

Our proposed chalcogenide material ZnxSnixSe is devoid of these disadvantages. This
material has ideal properties for creating new, cheap and highly efficient thin-film solar cells: 1)
high absorption coefficient ~ 10° cm™, 2) optimal band gap ~ 1.2 = 2.7 eV, 3) p-type conductivity;
in addition, Zn, Sn, and Se are cheap and widespread materials in the earth's crust.

In this work, we studied the morphology and electrical properties of ZnxSnixSe solid
solution films of various compositions, obtained at a substrate temperature of S600C by chemical
molecular beam deposition (CMBD).

The preparation of a polycrystalline film of ZnXSnl1-xSe solid solution was carried out
according to the procedure described in [10]. The synthesis of ZnxSnixSe solid solution films by
the CMBD method was carried out as follows. Powders of the SnSe and ZnSe compounds of
stoichiometric composition were loaded into each separate container. Further, the system was put
into working condition and purged with hydrogen in order to remove atmospheric polluting gases
from it. Then the external furnace of the reaction chamber was turned on. The heating level is
determined by the set deposition temperatures. Upon reaching the desired level of heating of the
substrate, turn on an individual heating furnace of the SnSe, ZnSe compound and bring it to the
desired evaporation temperature. The temperature range of evaporation for growing films is in the
range of 850°C + 950°C, and the substrate temperature is varied in the range of 500°C + 600°C.
The gas flow of the hydrogen carrier was ~ 20 cm® / min. The duration of the deposition process
depends on the required film thickness and is in the range from 30 to 60 minutes. Borosilicate
glasses were used as substrates.

The crystal structure and phase composition of the materials were studied by X-ray
diffraction using a Panalytical Empyrean diffractometer using CuKy radiation (A = 1. 5418 °A)
with a measurement of 26 in the range from 20 ° to 80 © and a step of 0. 01°. Analysis of the phase
composition produced using the Joint Committee on Powder Diffraction Standard (JCPDS)
database. Morphological studies were performed using a SEM - EVO MA 10 scanning electron
microscope.

Silver ohmic contacts were applied to the freshly deposited films by vacuum deposition for
electrical measurements. The resistivity of the samples was determined by the Van - der - Pauw
method. The type of conductivity of the samples was determined by the sign
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of the thermo-EMF The film thickness (up to 0.5-3 pm) was determined on a MTT+4
microinterferometer, as well as by precision micro-weighing on an FA 120 4C balance (with an
accuracy of 0.1 mg).

As can be seen from the table. 1, the results of energy dispersive analysis showed that the
deposited films of ZnxSni-xSe solid solution at a substrate temperature of 560 ° C have a different
composition: X = 0.046; 0.06; 0.076; 0.121; and 0.491.

Table 1. The results ofenergy dispersive analysisforfilms ofZnxSnSei-x solid solution deposited
from ZnSe and SnSe compounds

ZnSe / SnSe ratio  The composition

T.(°C) inthe vapor phase of the films Zn% Sn% Se%
560 X=0 X =0 58.2 41.8
560 X=0.16 X =0.06 1.38 51.64 46.98
560 X=0.23 X=0.076 0.85 54.7 54.57
560 X=0.37 X=0.121 2.7 59.4 37.9
560 X=0.5 X=0.491 19 59.6 38.5

Figure 1 shows the morphology of ZnxSni-xSe solid solution films for various compositions
deposited from stoichiometric ZnSe and SnSe compounds on glass substrates at a substrate
temperature of 560 °C.

Microcrystals for all films of ZnxSm-xSe solid composition are uniformly distributed over
the surface of the substrate. As can be seen from Figure 1, the microstructure (shape and grain
size) of the samples depends on the composition of the intensities of the molecular beams (TMF)
ofthe ZnSe and SnSe compounds in the vapor phase.

X=0 X=0.046 X=0.06

X=0.076 X=0.121 X=0491

Fig. 1. Morphology ofZnxSni-xSe solid solutionfilms ofvarious compositions
With a change in the composition ratio of the ZnSe / SnSe TMP in the vapor phase, the
shape and grain size of the deposited ZnxSn1-xSe solid films change. As shown in Figure 1, the
shape of the grains of samples having compositions in the range 0<X< 0.121, deposited on glass
substrates at a temperature of 560 ° C, had a flattened appearance and grain sizes of the films are
2 N 10 pm. A further increase in the molar content of ZnSe in the ZnxSm-xSe solid composition



(0,3<X<0.491) obtained on glass substrates led to a decrease in grain size. This fact may be due
to the fact that the energy of formation of the ZnSe lattice is greater than that of SnSe.

The electrical parameters of ZnxSnixSe films (o, Eax and type of conductivity) are shown
in Table 2. As can be seen from Table 2, an increase in the resistivity of ZnxSnixSe films with an
increase in the molar content of the wide-band component from 6-102 Ohm ¢cm at X = 0 and up to
6-10% Ohm cm at X = 0.491, respectively. At the same time, an inversion of the conductivity type
was detected with a change in composition, namely, in the composition range 0<x<0.3, the samples
had p-type conductivity, and at 0.3<X< 0.491 n-type. An increase in the resistivity of ZnxSnixSe
films with an increase in the molar content of the wide-gap component is due to a decrease in the
concentration of free carriers. The smallest p = 6-10"2 (Ohm cm) of ZnxSn;«Se films was observed
at X =0.

Table 2. Electrical parameters of Zn.Sn,.xSe films of various compositions

ZnSnySe X=0 |X=0.046 | X=0.06 | X=0.076 | X=0.121 | X=0.491
Conductivity type p p p n n n
Electrical conductivity 15 0.16 110t | 2102 | 4107 1-10¢
(Ohm cm)’!, at 300K

Resistivity (Ohm cm), at 300K | 6°1072 6.2 10 50 250 1-10°
Substrate temperature 560 560 560 560 560 560
Mp, (°C)

As a result of the research:

- films of ZnxSni.xSe solid solution were obtained by chemical molecular beam deposition at a
substrate temperature of 560° C, which have a different composition x =0.046; 0.06; 0.076; 0.121,
and 0.491, as shown by energy dispersive analysis;
- films of solid solution have a polycrystalline structure with grain sizes of 2-10 microns;
the electrical conductivity of the solid solution films decreases with increasing molar content of
ZnSe and undergoes an inversion of the conductivity type.

This work was carried out as part of the FA - F3-003 project at the Physical-Technical
Institute of the Academy of Sciences of the Republic of Uzbekistan.




